Lactation is positively associated with decreased risk of type 2 diabetes after gestational diabetes mellitus (GDM) pregnancy. Because detailed data on lactation practices by GDM history are lacking, explanations for intervention have yet to be identified.
glucose and insulin response [3] [4] [5] [6] and decreased risk of type 2 diabetes. 7 Infants of mothers with GDM also receive specific benefits from breastfeeding: breast milk can help mitigate effects of hypoglycemia, a common problem among these infants, 8 and breast milk may also lower future risks for obesity and metabolic syndrome. 9, 10 Although women with GDM initiate breastfeeding at rates similar to, 11 or even higher than, 12 women without maternal diabetes, fewer women with GDM continue breastfeeding through 2 months. 11 Reasons for these differences in lactation and infant feeding practices by GDM history are just beginning to be explored. Women with GDM report more difficulty in producing enough milk than do women without diabetes, 11 which may explain why infants of mothers with GDM receive fluids other than human milk (eg, formula) earlier than the infants of women without diabetes. 13 Introduction of formula is associated with earlier cessation of breastfeeding among some women. 14, 15 Strategies to maintain and increase milk supply that would address reported difficulty in producing enough milk include more feeding at-the-breast and pumping breast milk. 16, 17 Yet, detailed data on lactation practices by GDM history are lacking, precluding explanations and targets for intervention to improve lactation and, ultimately, long-term maternal health. Therefore, the objective of this study was to examine the following breastfeeding practices by GDM history through 12 months postpartum: at-the-breast feeding, pumping, and formula introduction. We hypothesized that women with GDM would experience different breastfeeding practices, based on sparse previous literature assessing breastfeeding practices by GDM history. A secondary objective was to assess the strategies used by women who reported difficulty in producing sufficient milk to overcome this difficulty by GDM history.
Methods

Study Population
Data came from the Moms2Moms (M2M) Study. 18 The objective of the M2M Study was to examine lactation and infant feeding practices through 12 months postpartum. A questionnaire was mailed 12 months after delivery to all eligible women who delivered a singleton, live-born infant at > 24 weeks of gestation at The Ohio State University Wexner Medical Center (Columbus, OH) in 2011 (n = 1244 eligible women who delivered during the recruitment period).
Women were eligible if they were English speaking and at least 18 years of age at the time of the survey. Women stating an intention to exclusively bottle feed (n = 303), prisoners (n = 11), infant deaths (n = 6), and those lacking sufficient contact information (n = 111) were excluded from M2M. The Ohio State University Biomedical Institutional Review Board reviewed and approved M2M.
Maternal lactation and infant feeding practices were assessed in the questionnaire by asking mothers to report timing of start and stop of feeding at-the-breast and pumping, introduction of formula and other liquids, and perceptions of low milk supply (Table 1) . Responses were used to examine the following primary breastfeeding outcomes: initiation and duration of (1) breastfeeding (combined at-thebreast or pumped milk), (2) at-the-breast feeding, and (3) pumping. Breastfeeding duration was defined as the age of the infant, in days, when the mother completely stopped feeding at-the-breast or pumping milk, minus the age, in days, at breastfeeding initiation. This definition allowed us to estimate the length of time the mother was actually lactating (ie, expending calories producing milk), rather than the infant's human milk consumption duration, which may differ 
Timing of Start and Stop of Feeding At-The-Breast and Pumping
Introduction of Formula and Other Liquids Perceptions of Low Milk Supply
How old was your child when he/she was first fed your breast milk (including directly at the breast or pumped milk)?
How old was your child when he/she was first fed formula (even if it was just 1 time)?
When after delivery did you have the most difficulty in making enough breast milk to feed your child? How old was your child when he/she was no longer fed your breast milk (either directly at your breast or pumped milk)?
How old was your child when he/she was no longer fed formula?
What did you do when you did not make enough breast milk to feed your child? (a list was provided with the option to write in additional text) How old was your child when you first directly breastfed him/her at your breast? How old was your child when he/she was first fed juice or water? How old was your child when you stopped directly breastfeeding him/her at your breast? How old was your child when he/she was first fed any of your pumped breast milk? How old was your child when he/she was no longer fed any of your pumped breast milk?
due to feeding of stored milk. We also examined the timing of formula introduction, self-perceived greatest difficulty producing enough breast milk, and how women managed perceived difficulties in producing enough breast milk to satisfy their infant. Gestational diabetes mellitus history was determined based on International Classification of Diseases, 9th revision (ICD-9) codes obtained from maternal medical records; 648.8X was categorized as a GDM diagnosis. 19 If a diagnosis of 250.XX (type 1 or type 2 diabetes) was recorded for a woman who also had a 648.8X diagnosis code documented, then we categorized this woman as having prepregnancy diabetes mellitus. We excluded mothers with either type 1 or type 2 diabetes from analyses (n = 14), as their breastfeeding patterns differ from women with GDM. 11, 12, 20 We obtained the following demographics from questionnaire responses or from the maternal medical record ( Table 2) : maternal age at delivery, race, education, yearly household income, type of health insurance, participation in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC), partner status, number of previous live births, delivery mode, birth weight, length of newborn hospital stay, work/school status, and infant age when mother returned to work/school (if the mother returned to either or both activities).
Statistical Analysis
Bivariate associations between GDM history and lactation and infant feeding practices were examined. For continuous variables with a normal distribution, means were compared using 2 independent sample t tests, median comparisons were made using the Wilcoxon-Mann-Whitney test for nonparametric continuous variables, and chi-square tests were used to make comparisons between women with GDM and women without diabetes for categorical variables. Multivariable logistic or linear regression models were used for each feeding practice as a separate outcome. When continuous outcomes were not normally distributed, variables were log-transformed, and back-transformed results presented. Confounders included maternal age, race, education, household income, insurance at time of delivery, partner status, and parity. Confounders were selected a priori, based on established associations with GDM (independent variable) and feeding outcomes (dependent variable). Potential confounders with P < .05 were retained when considered together with all potential confounders. Multicollinearity was tested using the variance inflation factor (VIF). The Hosmer-Lemeshow test was used to assess the fit of the logistic regression models.
Results
Of the 813 surveys mailed, 501 were returned completed (62% response). Women with prepregnancy diabetes (n = 7), preterm infants (< 37 weeks gestation; n = 53), 21 both prepregnancy diabetes and preterm infants (n = 7), and unintelligible responses (n = 2) were excluded. The final sample included 432 women-92.1% (n = 398) without diabetes and 7.9% (n = 34) with GDM.
Bivariate analyses of demographic variables showed that women with GDM were more likely to have a household income of ≤ $34 999, receive public insurance at the time of their infant's birth, participate in WIC, and have a cesarean section, and less likely to be partnered ( Table 2 ). There were no differences in maternal age at delivery (30.5 [GDM] vs 30.4 years), infant birth weight (3430.0 vs 3418.5 g), or child age (in days) when the mother went back to work/school 20+ Women with GDM initiated breastfeeding (97.1% vs 98.0%, respectively), feeding at-the-breast (93.9% vs 96.7%), and pumping (90.9% vs 91.4%) and ever experienced difficulty producing enough milk (84.9% vs 72.9%) about as often as women without diabetes (Figure 1 ). However, women with GDM were more likely to feed infants formula within the first 2 days of life (78.8% vs 52.8%, P < .01 [ Figure 1 ]; median age at introduction: 1.0 vs 4.0 days [ Mean durations of breastfeeding and pumping did not differ by GDM; however, women with GDM engaged in at-the-breast feeding for fewer days than women without diabetes (152.2 ± 136.7 vs 209.4 ± 137.6 days, P < .05) (Figure 2 ), although this did not remain significant after adjustment (Table 4 ). Women with GDM initiated pumping significantly sooner than did women without GDM (Table 3) , and this relationship remained significant upon adjustment (Table 4 ). We did not find evidence of multicollinearity; all VIFs were ≤ 2.2.
We found no differences in the proportions of women reporting difficulty producing enough milk (84.9% GDM vs 72.9% without GDM; odds ratio [no confounders were significant]: 2.08; 95% CI, 0.78-5.52 [data not shown; Hosmer-Lemeshow P > .10]). Of women who reported breast milk production issues, mothers most frequently chose to feed their infant, pump breast milk, and feed their infant food. Women with GDM less often reported increasing feeding at-the-breast than did women without diabetes, to address perceived low milk supply (Table 5 ). However, none of these differences were significant. We observed no difference in infant age when reported difficulty began (data not shown); however, there was a significant, positive association between when difficulty producing enough milk began and when pumping began among women without GDM (r = 0.32; P < .01) but not among women with GDM (r = 0.24; P = .20).
Discussion
This is the first study to describe detailed lactation and infant feeding practices by GDM history. Among women who gave birth to term infants, women with GDM reported initiating pumping and fed their infants formula sooner than did women without diabetes. In this study, early pumping initiation and formula introduction was unrelated to breastfeeding duration. However, our data indicate a trend toward shorter overall breastfeeding duration among women with GDM. Furthermore, many of the unadjusted associations we observed in infant feeding practices by GDM were attenuated or eliminated upon adjustment, indicating that differences may be more strongly associated with demographic factors. Prior research shows that GDM history is associated with demographic characteristics (eg, socioeconomic status, race/ethnicity, etc), 22, 23 which are also related to breastfeeding. 24, 25 Addressing the demographic barriers associated with breastfeeding, then, should also address the barriers experienced by women with GDM history.
We hypothesized that women with GDM would experience differences in breastfeeding practices compared with women without diabetes. This hypothesis was based on previous literature indicating differences in breastfeeding initiation and continuation by diabetes history 11 and previous work indicating that women with GDM are more likely to introduce formula during delivery hospital stay compared with women without GDM. 13 We confirmed this latter finding and extended these previous results by describing earlier pumping initiation. No other study has described these breastfeeding practices by GDM history.
Results of our study echo findings that women with GDM may not continue breastfeeding even after initiating breastfeeding. 26 Our study showed that more than 75% of Among women who initiated breastfeeding, adjusted for maternal age at delivery and type of insurance. b Among women who ever reported feeding at-the-breast. c Among women who ever reported feeding at-the-breast, adjusted for maternal age at delivery and type of insurance. d Among women who ever reported feeding at-the-breast; outcome was log-transformed. e Among women who ever reported feeding at-the-breast, adjusted for maternal race, type of insurance, and parity. f Among women who ever reported pumping. g Among women who ever reported pumping, adjusted for type of insurance. h Among women who ever reported pumping, adjusted for maternal age at delivery and education.
women with GDM reported that their infants were fed formula within the first 2 days of life, despite recommendations to exclusively breastfeed for 6 months. 27, 28 Research demonstrates that among women who initiate breastfeeding, introduction of formula is typically associated with shorter duration of breastfeeding, compared to exclusively breastfed infants. 14 Strategies that increase breastfeeding duration and delay formula initiation should be considered to mitigate this risk. Even if formula is temporarily used for medical reasons (eg, to treat jaundice 29 or hypoglycemia, 30 delayed lactogenesis, 31 perceived low milk supply 32 ), breastfeeding intensity (proportion of feeds that are breast milk) can be resumed after the medical need for formula has passed. 15 Mothers may not know that they have choices with regard to formula introduction during hospital stay and/or may not know that formula use can be temporary. The medical necessity for formula introduction during hospital stay has been questioned, 33 yet it is a strategy to help mothers overcome temporary breastfeeding issues. 15, 34, 35 Despite differences in lactation and infant feeding practices, earlier pumping initiation did not necessarily affect pumping duration by GDM history. This finding is contrary to previous work indicating that breast milk pumping was associated with a shorter breastfeeding duration. 36, 37 Although breast milk pumping is becoming more common, 38, 39 it is unknown whether or not expressed milk provides the same benefit as milk fed directly at-the-breast. Benefits of at-the-breast feeding have been identified 40 and women with GDM should be encouraged to engage in this behavior for several reasons. First, both at-the-breast feeding and pumping can maintain and increase milk supply, particularly for women with reported difficulty producing enough milk. 17 Our data indicate that almost 12% more women with GDM reported difficulty producing enough milk compared with women without diabetes. Because women with GDM do not appear to be engaging in both practices for as long as women without diabetes, this may affect milk supply and ultimately facilitate earlier breastfeeding cessation. Both practices should be encouraged to maximize milk production potential. 17 Physiologically, women with GDM are more likely to be overweight or obese than women without diabetes, 41 and higher prepregnancy weight may contribute to delayed lactogenesis 31, 42, 43 and earlier pumping initiation. Prepregnancy weight was not collected in the current study, so the effect of obesity on breastfeeding outcomes could not be assessed. Furthermore, although the timing of "milk coming in" was not asked in the survey, and there was no significant difference in the timing of reported greatest difficulty by GDM, unadjusted data show that women with GDM reported difficulty almost 16 days earlier than women without diabetes. We did not find an association between reported difficulty in producing enough milk and pumping initiation in women with GDM. However, results demonstrate an association among women without diabetes, indicating that women with GDM pumped breast milk independent of any reported difficulty.
Although previous research showed no differences in mothers' reported reasons for discontinuing feeding breast milk by GDM history, 11 our results indicate potential important differences in strategies to overcome reported difficulty producing enough milk. Women with GDM more often reported pumping rather than feeding at-the-breast and their infants were more often fed formula within the first 2 days of life. We speculate that because women with GDM initiated pumping earlier than women without diabetes, pumping continued to be their preferred strategy over feeding at-the-breast. It is important that women with GDM are educated on the benefits of both behaviors, particularly because research suggests that at-the-breast feeding may encourage feeding selfregulation. 44 Self-regulation may be especially important for the infant of the woman with GDM history, given that these infants are at increased risk for future overweight/obesity. 45 A few limitations are noteworthy. First, the subset of women with GDM in this sample is small and results may not be generalizable to all women with GDM history; yet, the prevalence of GDM in the study was reflective of GDM prevalence in the US population. 46 Second, the survey excluded women who intended to exclusively bottle feed, indicating that the sample is more representative of women Only women reporting difficulty producing enough milk (n = 316) were included; women could select more than 1 answer choice.
who intended to engage in some breastfeeding. In addition, compared with nonresponders, our sample was more educated and more respondents were younger, reported private health insurance, were non-Hispanic white, and reported fewer (if any) children. 18 The study was not powered to test for differences by GDM history; thus, we were limited to post-hoc analyses likely underpowered to detect small differences in all outcomes. However, differences in unadjusted results are clinically relevant. Furthermore, our R-squared values from our regression results were low (~ 0.04), indicating that our data likely contain a higher amount of unexplained variability, which is common in an exploratory study such as this. Finally, we did not have information on level of glycemic control among women with GDM (eg, diet vs insulin controlled disease status), which has implications for breastfeeding outcomes. 47 However, this study presents several strengths. Examining GDM independently of type 1 or type 2 diabetes provides information on how to specifically promote breastfeeding among these women. Our results were strengthened by the use of detailed maternal self-reported questionnaire data linked to maternal medical records data. Finally, the Moms2Moms Study is unique in that detailed questions were included to ask women how milk was provided to gain a better of understanding of whether or not women provide milk only at-the-breast. How milk is provided allows a better understanding of methods used to inform and tailor messages to promote and support breastfeeding.
Conclusion
Our results provide preliminary insights into specific intervention opportunities for improving breastfeeding among women with GDM. Specifically, these women may benefit from receiving education on the importance of engaging in both at-the-breast feeding and pumping to maintain and increase milk supply. The combination of at-the-breast feeding and pumping may increase milk supply, reduce risk for eventual early cessation of exclusive or any breastfeeding, and further contribute to improving postpartum metabolic health. Additional research is needed to determine if women with GDM perceive feeding pumped breast milk as equivalent to at-the-breast feeding, consider 1 behavior to be more convenient than the other, or simply prefer the flexibility of bottle feeding (pumped milk or formula). 38 Findings of such research would provide insights into mothers' motivation(s) for engaging in various lactation and infant feeding practices for the development of future interventions aimed at improving breastfeeding duration and exclusivity.
